General Information 1.1 Generic
All reactions were carried out under atmospheric conditions. The used solvents were distilled prior to use or were purchased in high purity (HPLC grade). Commercially available chemicals were used without further purification, non-commercially available chemicals (di-n-dodecyl disulfide) were synthesised by literature-known procedures. 1 Electrolysis were executed in undivided or divided cells under constant current (drawings/photos see Figure S1 and Figure S2 ). Therefore, a laboratory power supply from Thin layer chromatography (TLC) was performed with prefabricated plates by Macherey-Nagel (silica gel 60, F254 fluorescence indicator). For development, the TLC plate was deployed in KMnO4 dip (9.00 g KMnO4, 60.0 g K2CO3, 1.0 mL acetic acid, 900 mL demineralized H2O) and dried carefully with a heat gun afterwards (250 °C). Purification of the crude products was conducted by flash column chromatography using silica gel 60 (40-63 µm, 230-400 mesh) from Macherey-Nagel. 1 H and 13 C NMR spectra were recorded on a Bruker Fourier 300HD spectrometer utilising preset pulse programs. The measurements were performed at room temperature. The chemical shifts are given in parts per million (ppm). Calibration was done by referring to the residual solvent signal (CDCl3: 1 H NMR: 7.26 ppm, 13 C NMR: 77.16 ppm) 2, 3 in relation to tetramethylsilane. The multiplicity of the signal is reported in singlet (s), doublet (d), triplet (t), quartet (q) or multiplet (m).
High resolution mass spectra were recorded on a Thermo Scientific DFS spectrometer using electron ionization (EI) at an energy of 70 eV.
GCMS measurements were performed on a Shimadzu GCMS-QP2020. As capillary column an Optima 5 HT from Macherey-Nagel was used (length: 30 m, inner diameter: 0.25 mm, film thickness: 0.25 µm).
The ionisation was accomplished by electron impact (EI) with an energy of 70 eV. Detailed information of the GCMS parameters can be found in Table S1-Table S3 . GC-FID measurements were carried out on a Shimadzu GC-2010 Plus gas chromatograph with an Optima 5 MS capillary column from S4 Macherey-Nagel (length: 15 m, inner diameter: 0.25 mm, film thickness: 0.25 µm). Further information of the GC parameters are summarised in Table S4 and Table S5 . In both cases, n-dodecane was added as internal standard (ISTD) for normalization of the peak heights for comparability and in reaction optimization. The analytical data are in accordance with the literature. 4 
GCMS and GC-FID Parameters

Direct Current Electrolysis of a Two Disulfides Matrix in a Divided Cell
A Due to similar ratios of fronts in TLC, a complete separation by column chromatography of di-n-butyl disulfide (2) and product 7 could not be achieved. The corrected yield was determined by integral ratios in the 1 H NMR spectra.
S11
According to GP1, both compartments of the divided cell were charged with 988 mg (3.00 mmol) TBABF4, 10 mL CH3CN, 109 mg (0.500 mmol, 1.0 equiv.) diphenyl disulfide (1) Table S6 for the cathode and in Table S7 for the anode compartment. For a comparison to the alternating current electrolysis in conversion of 1 and yield of 7 see Figure S13 . In a round-bottom flask 16.5 mg (0.125 mmol, 0.25 equiv.) of sodium thiophenolate were dissolved in 1.0 mL water and 9.0 mL CH3CN. Afterwards, 109 mg (0.500 mmol, 1.0 equiv.) diphenyl disulfide (1) and 95.1 µL (0.500 mmol, 1.0 equiv.) di-n-butyl disulfide (2) were added. The resulting solution was stirred at room temperature. After 8 min, 40 min, 80 min, 161 min, 241 min, 322 min and 1520 min samples were taken for GC-FID analysis. The results are summarized in Table S8 . A comparison between the thiolate mediated exchange reaction and the alternating current electrolysis in yield of product 7 is presented in Figure S4 . for the different solvents are summarized in Table S9 and Table S10 . For a comparison to the direct current electrolysis in conversion of 1 and yield of 7 see Figure S13 . for the different solvents are summarized in Table S11 . 
Solvent Screening
According to GP2 both compartments of the divided cell were charged with 988 mg Table S12 . 
Influence of Pulse and Quiet Time in Alternating Current Electrolysis
According to GP2 both compartments of the divided cell were charged with 988 mg (3.00 mmol) TBABF4, 10 mL CH3CN, 109 mg (0.500 mmol, 1.0 equiv.) diphenyl disulfide (1) Table S13 . S16 
Excess Amount of One Disulfide
According to GP2 both compartments of the divided cell were charged with 988 mg (3.00 mmol) TBABF4, 10 mL CH3CN, 109 mg (0.500 mmol, 1.0 equiv.) diphenyl disulfide (1), different equivalents Table S14 . S17 In an undivided cell 988 mg (3.00 mmol) TBABF4 were dissolved in 10 mL CH3CN followed by the addition of 218 mg (1.00 mmol, 1.0 equiv.) diphenyl disulfide (1), 0.2 mL (1.02 mmol, 1.0 equiv.) di-n-butyl disulfide (2) and 1.0 mL (1.00 mmol, 1.0 equiv.) n-dodecane solution (1.0 M in CHCl3) as internal standard. The resulting solution was stirred for 2 h in absence of electricity and a sample for GCMS analysis was taken. The formation of the unsymmetrical disulfide 7 was not observed. S18
Six Disulfides Matrix
In an undivided cell 990 mg (3.01 mmol) TBABF4 were dissolved in 10 mL CH3CN followed by the Afterwards, the cell was equipped with two platinum electrodes and the solution was electrolysed for 30 min at a constant current of 10 mA. A second sample for GCMS analysis was prepared after electrolysis.
The formation of the unsymmetrical disulfides 11, 12 and 21 (19 and 20 in traces) could be observed in the absence of electricity by GCMS analysis (see Figure S5 ). After electrolysis for 30 min, all unsymmetrical disulfides could be detected by GCMS analysis of the second sample ( Figure S6 ). S19 Figure S5 : GCMS analysis of the control experiment in absence of electricity for 1 h (total ion current mode).
The numbers in parenthesis express the [M] + ion masses. 
Further Investigations on the Self-Formation of Unsymmetrical Disulfide 11
The self-formation of the unsymmetrical disulfide 11 was investigated by variation of the reaction vessel material and the reaction conditions. Therefore, 109 mg (0.499 mmol, 1.0 equiv.) diphenyl disulfide (1) and 123 mg (0.499 mmol, 1.0 equiv.) di-p-tolyl disulfide (5) were dissolved in 10 mL CH3CN, followed by the addition of 0.5 mL (0.500 mmol, 1.0 equiv.) n-dodecane solution (1.0 M in CHCl3) as internal standard. The resulting solution was stirred for 1 h in absence of electricity and a sample for GCMS analysis was taken. The results are summarized in Table S15 . Figure S7 for the platinum electrode and in Figure S8 for the glassy carbon electrode compartment. and 0.80 F·mol -1 samples of both compartments were taken for GCMS analysis. The steady-state in the disulfide distribution was reached after 0.80 F·mol -1 . The GCMS analyses are shown in Figure S9 for the platinum electrode and in Figure S10 for the glassy carbon electrode compartment. samples of both compartments were taken for GCMS analysis. The steady-state in the disulfide S25 distribution was reached after 1.60 F·mol -1 . The GCMS analyses are shown in Figure S11 for the platinum electrode and in Figure S12 for the glassy carbon electrode compartment. Furthermore, for the resolution of overlaid components in the gas chromatogram measurements in selected ion monitoring (SIM) mode were performed (see appendix Figure S15 ). In addition, high resolution mass spectra were recorded for the identification of all disulfides. Figure S16-Figure S20 ).
Mixing the Three Disulfides Containing Matrices A and B Towards Six Disulfides Matrix
For the mixing of both three disulfides matrices A and B, 5.0 mL of mixture A and 5.0 mL of mixture B
were added in both cell compartments of the divided cell. B The solution was electrolysed at a constant current of 10 mA. After 0.15 F·mol -1 , 0.80 F·mol -1 and 1.60 F·mol -1 samples of each compartment were B Note: The three disulfide matrices A and B were mixed directly before electrolysis (1-3 min). Prior mixing of the matrices (for example one day before electrolysis) showed in initial experiments the self-formation of all 21 disulfides without applying electric current due to residues of active species in matrices A and/or B. Another possibility for removal of the active species in the three disulfides matrices is a filtration over a small plug of silica gel prior electrolysis (for example in a Pasteur pipette). 
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